Kuma-zasa is Japanese folk medicine derived from plants of genus Sasa, family Bambusaceae. Although the plants of origin of Kuma-zasa were reported to be Sasa palmata, S. senanensis, S. yahikoensis, and S. kurilensis, authentication of those plants was difficult because of similarity in morphology. Several methods for the classification of genus Sasa are available, but none involve a genetic approach. Here, we performed the genetic profiling of genus Sasa, including the four species used medicinally. Thirteen sequences were observed in chloroplast DNA intron between rbcL and ORF106 and partial ORF106 regions of 34 specimens of 16 Sasa species and one specimen of Phyllostachys pubescens. We observed differences in alignment in this region among the specimens. The analyzed lengths varied from 759 to 821 bp depending on the specimen. There were nine base substitutions, eight successive thymines or adenines, and one to three repeat units of 31 bp. Moreover, we could not find species-specific alignment: different alignments were observed in specimens of the same species, while the same alignment was observed in specimens of different species. In the phylogenetic tree reconstructed by maximum parsimony analysis, medicinally used species did not form a cluster, although most of them were positioned close to each other. The genetic profiling of Sasa species would be of use in determining the botanical origin of the herbal medicine derived from the leaves of Sasa plants.
Genus Sasa MAKINO et SHIBATA is classified under Bambusaceae or Bambusoideae of Gramineae, and is distributed in Japan, Sakhalin, the Kurile Islands, and Korea. 1) Although Japan has large number of species of genus Sasa, the number of species reported differed among taxonomists: Dr. Jisaburo Ohwi 2) reported 11 species; Mr. Jun-ichi Sugimoto, 3) 64; Dr. Hiroshi Muroi, 4) 27; and Professor Shiro Kitamura, 5) 35. In 1978, Professor Sadao Suzuki rearranged the species belonging to Bambusaceae in Japan 1) and reported that there are 35 species in genus Sasa. In his classification, genus Sasa is divided into five sections: Macrochlamys, Lasioderma, Monilicladae, Sasa, and Crassinodi. Today, several classification methods based on morphological characteristics, such as the presence or absence of hair on culm sheath, leaf sheath or leaf, leaf thickness, and leaf surface luster, are in use. 1, 2, 4, 5) It is known that these characteristics vary with age and growth conditions such as temperature, humidity and altitude. Therefore, for accurate authentication, the development of a new identification method based on genotype and not phenotype is required for genus Sasa.
Sasa plants are widely used as ornamental foliage plant, food trimming and folk medicine in Japan. Medicinally, the leaves of Sasa plants, which are called "Kuma-zasa" in Japanese, have been used to treat burns or urinary hesitancy. 6) Several pharmacological studies of Kuma-zasa have been conducted to verify these effects. [7] [8] [9] The botanical origins of Kuma-zasa were reported to be mainly S. palmata and S. senanensis, and rarely S. yahikoensis and S. kurilensis. 10, 11) However, differences in pharmacological effects among species are unknown because it is difficult to identify the dried leaves of Sasa plants. Genetic profiling of Sasa species will make it possible not only to identify the botanical origin of the herbal medicine but also to clarify pharmacological and phytochemical differences among identified Sasa leaves.
As the genetic profiling region, we used the intergenic region between rbcL (gene for ribulose-1,5-bisphosphate carboxylase/oxygenase large subunit) and psaI (gene for small peptide) on chloroplast DNA. Nucleotide differences were observed in this region by comparison with rice and maize 12) and significant differences were found among several Sasa plants. 13) From the reported sequence, we selected the informative region and designed primers. In order to determine the molecular markers to identify Kuma-zasa and to clarify the phylogenetic relationships between medicinally used Sasa species and other Sasa, the sequence analysis of 34 specimens of 16 Sasa species and one specimen of Phyllostachys pubescens (outgroup) was carried out, and a phylogenetic tree was reconstructed using their sequence data.
MATERIALS AND METHODS

Materials
Thirty-four specimens of 16 Sasa species and one specimen of Phyllostachys pubescens were examined, as listed in Table 1 . Specimens whose voucher numbers begin with the letters "NB" are the same as those used in previous studies. 10, 11) These specimens were identified by Professor Tsuneo Namba with the help of Dr. Hiroshi Muroi of Fuji Bamboo Garden, and Professor Sadao Suzuki of Tamagawa University, and were stored in the museum of Materia Medica, Institute of Natural Medicine, University of Toyama. Other specimens were identified by the authors with the help of Mr. Takashi Shimura of Ofuna Botanical Garden, and were stored in the Herbarium of Hoshi University. The clas- sification method and scientific names in this paper followed the "Index to Japanese Bambusaceae." 1) DNA Extraction and PCR Amplification Genomic DNA was extracted from the specimens using DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. PCR (50 ml) amplification of the intron between rbcL and ORF106 and partial ORF106 regions was conducted using GoTag (Promega, Madison, WI, U.S.A.) and primers LF3 (5Ј-AGC AGT TAC GAA ATG CAG-3Ј) and IR22 (5Ј-TCT ACC TAC TTC CAC ATG-3Ј). The cycling program of TaKaRa PCR Thermal Cycler Dice (TaKaRa, Tokyo, Japan) was as follows: 94°C for 2 min, followed by 35 cycles of 94°C for 30 s, 52°C for 30 s, and 72°C for 40 s. The PCR products were partly detected by 1.0% agarose gel electrophoresis. For an old specimen from which no amplified fragment could be obtained, the two-step PCR amplification method was adopted (Fig. 1) . First, PCR (200 ml) using primers SasaF (5Ј-TGA ACT AGC CGC AGC TTG TG-3Ј) and SasaR (5Ј-AAT GCG CCC ATT TCG AAT CC-3Ј) was conducted with the following program: 94°C for 2 min, followed by 35 cycles of 94°C for 30 s, 54°C for 30 s, and 72°C for 1 min. The reaction solution was purified with the Wizard SV Gel and PCR Clean-Up System (Promega) according to the manufacturer's instructions. Then, a second PCR (50 ml) was conducted with primers LF3 and IR22 using the purified solution as template.
Sequencing and Phylogenetic Analysis PCR products were purified with the Wizard SV Gel and PCR Clean-Up System and directly sequenced by a PRISM 377-1 DNA Sequencing System (ABI, Foster City, CA, U.S.A.) using a BigDye Terminator v1.1 Cycle Sequencing Kit (ABI). The boundaries of ORF42 and ORF106 were determined by comparison with a previous report.
13 ) The nucleotide sequences were recorded in the DNA Data Bank of Japan (DDBJ) with the accession numbers listed in Table 1 . The phylogenetic tree was constructed using the program PAUP 4.0b10 (Sin- Garden, Kanagawa, Japan; FBG, Fuji Bamboo Garden, Shizuoka, Japan; KBG, Kyoto Botanical Garden, Kyoto, Japan; MGH, Medicinal Plant Garden, Hoshi University, Tokyo, Japan. b) Voucher numbers beginning with the letters "NB" are the same specimens as those in previous studies, 10, 11) and "OF" are specimens from OFG. c) The type of sequence is indicated in Fig. 2. auer Associates Inc., Sunderland, MA, U.S.A.). Parsimony analysis was performed using the heuristic search method with tree-bisection-reconnection (TBR) branch swapping, the random addition sequence of 10 replicates, and P. pubescens as outgroup. Bootstrap (1000 replications) analysis was performed to estimate the confidence of topology of the consensus tree.
RESULTS
The chloroplast intron between rbcL and ORF106 and partial ORF106 regions was found to vary in length from 759 to 821 bp depending on the specimen. Moreover, the lengths of sequence alignments of the 35 specimens were divided into three: 821 bp, 789-790 bp, and 759 bp. Sequence alignment gave 13 types of sequence: types A to M (Fig. 2) , from which we found nine base substitutions present at nucleotide positions 23, 261, 276, 290, 309, 509, 640, 708, and 731 (the underlined positions are on the ORF). There were eight successive thymines from nucleotide positions 38 to 45, in which six base-pair substitutions from thymine to adenine were observed in types C, G, H, I, and J, both bases were observed at the same position in type F, and one base-pair deletion was observed in type E. One repeat unit of 31 bp was present from positions 149 to 179. The unit was repeated twice in types C, D, E, F, G, and H, and three times in types A and B, and two base-pair substitutions at positions 173 and 204 were observed in the repeat units in type B. Different alignments were observed in specimens of the same species, while the same alignment was observed in specimens of different species. S. kurilensis had sequence types F and G; S. tsuboiana, types C and G; S. palmata, types G and K; S. senanensis, types D, E, J, and K; S. veitchii, types D and H; and S. nipponica, types G and I. On the other hand, specimens having voucher nos. NB16 (S. cernua), NF11 (S. cernua f. nebulosa), NB24 (S. shimidzuana), NB21 (S. hayatae), NB07 (S.
senanensis), NB09 (S. yahikoensis), NB11, NB13, HS1, HS2, NF21, OF03 (S. veitchii), NB30 (S. elegantissima), and NB31 (S. samaniana) were all type D; those having voucher nos. OF05 (S. kurilensis), NB17, NF51 (S. tsuboiana), OF02 (S. palmata), NF41 (S. tectoria), and OF04 (S. nipponica),
Fig. 1. PCR Method and Primer Location Used in This Experiment
(A) Conventional PCR amplification using primers LF3 and IR22; (B) two-step PCR amplification using primers SasaF and SasaR for the first PCR, and primers LF3 and IR22 for the second one. Broad half-arrows indicate PCR primers. The phylogenetic tree that was reconstructed on the basis of maximum parsimony analysis reflected the differences in sequence alignment (Fig. 3) . Types A and B, which were 821 bp long, consisted one clade, and types A to H consisted the major clade with 100% bootstrap values. Types A to H had a common feature that the 31 bp repeat unit was found twice or three times in their sequences. This tree showed that the two sequence types of S. kurilensis (types F and G) were closely related, and indicated that their differences were not significant. The same could be seen in S. tsuboiana, S. senanensis (NF31 and NB07), and S. veitchii. On the other hand, the two sequence types of S. palmata, S. senanensis (NF31 and NB07 versus NB06 and NB08), and S. nipponica were located far from each other.
DISCUSSION
The herbal medicine Kuma-zasa is derived from the leaves of Sasa plants and has been used to treat burns or urinary hesitancy in Japan. 6) As the plant having the scientific name S. veitchii is commonly known also as Kuma-zasa, the botanical origin of the commercially available herbal medicine Kuma-zasa is thought to be S. veitchii. However, S. veitchii grows in very limited areas, and its use as medicine is not possible. Anatomical studies have shown that the botanical origin of Kuma-zasa were S. palmata, S. senanensis, S. yahikoensis, and S. kurilensis. 10, 11) Because it is difficult to distinguish Sasa plants morphologically, people use Kumazasa as the collective name for all Sasa plants. Kuma-zasa means Sasa plant having white-edged leaves. Although S. veitchii does have white-edged leaves, not only S. veitchii but also many Sasa species have white-edged leaves in dry soil conditions, and they could be called Kuma-zasa as well. Despite the fact that Sasa leaves are used to produce the herbal medicine, identification of the plant of origin is difficult because the morphological features of the leaves are similar among Sasa plants.
To authenticate herbal medicine derived from the leaves of Sasa plants, anatomical studies were conducted. 10, 11) Although most Sasa species were characterized by the number and length of bristles on leaf margin, the diameter of median vascular bundle in midrib, or the number of fibers at margin, these parameters could not distinguish Sasa species completely. Therefore, molecular markers to authenticate the plant of origin had been required.
In this study, we examined DNA sequences using many anatomically identified but old specimens. It was sometimes difficult to extract DNA and to amplify the fragment by PCR in the old specimens because the DNA chain tended to break into small pieces. We overcame that problem by adopting the two-step PCR amplification method. The analyzed region was chosen from the referenced sequence with consideration of the existence of base substitutions or indels. As a result, the intron between rbcL and ORF106 and partial ORF106 regions was analyzed using the two-step PCR amplification method and the designed primers. Many mutation points were found on this sequence.
Among the sequence types, type K was thought to be the standard alignment. The eight successive thymines embed- ded in nucleotide positions 38 to 45 in type K were partly replaced with adenine in types C, G, H, I, and J, and both thymine and adenine were observed in type F. Moreover, one base-pair deletion was observed in this region in type E. The nucleotides in this successive thymine region were easily changeable. One repeat unit composed of 31 bp from positions 149 to 179 was defined in terms of total length: no repeat for 759 bp, twice for 789 and 790 bp, and three times for 821 bp. It was thought that the greater the number of repeat units, the more advanced the evolution. The species of section Crassinodi in types I and L, and section Sasa in types J and K might be primitive, and other types evolved from them.
From this perspective, S. kurilensis (NB15) in type F, S. kurilensis (OF05) in type G, S. senanensis (NB07) in type D, and S. senanensis (NF31) in type E might be essentially the same. S. veitchii (NB11, NB13, HS1, HS2, NF21, OF03) in type D and S. veitchii (NB10) in type H were located in the same clade in the phylogenetic tree, and seemed to be close to each other. In contrast, the two types observed in S. palmata (types G and K), S. senanensis (types D and K or types E and K), and S. nipponica (types G and I) were located far from each other. There is very little opportunity for chloroplast exchange by natural mating between species because genus Sasa rarely produces flowers. The difference in DNA alignment among Sasa plants might be due to changes in morphology as the plants adapt to the environment where they grow over the long term. S. oshidensis (NB25) and S. tsukubensis (NB23) in section Lasioderma, which consisted a subclade in the phylogenetic tree, were both 821 bp long. Their leaves were reported to be slightly larger (18-32 cm) than those of the other specimens (15-28 cm) 12) and our data well matched the taxonomic classification of Sasa plants.
Most of the medicinally used species, S. palmata, S. senanensis, S. yahikoensis, and S. kurilensis, belong to types D to G and are located near each other in the phylogenetic tree, although non-medicinal species are also found in those types. Here, the four species, S. palmata, S. senanensis, S. yahikoensis, and S. kurilensis, were considered to be medicinal Sasa plants based on findings from previous studies. 10, 11) However, we believe it is not possible that many Japanese could discriminate medicinal Sasa plants from non-medicinal Sasa plants based on morphological features. They might have been collecting randomly Sasa plants that grew near their living environment for medicinal use, and those Sasa species happen to be located near each other in the phylogenetic tree and could be used medicinally.
There was little correspondence between the sequence types and the taxonomic classification. The reason could be that the taxonomic classification of Sasa species was based on vegetative parts because Sasa plants rarely produce flowers. The vegetative parts change with the growth environment, such as snow level. In Japan, the existence of "Crassinodi line" as the boundary in northeastern Japan has been reported 1) ; section Macrochlamys and section Sasa were found on the Sea of Japan side (Eusasa area), whereas section Crassinodi was found on the Pacific side (Crassinodi area). The environmental difference between Eusasa area and Crassinodi area is the amount of snow cover. It has been reported that snow level is an important factor contributing to the division of those two sections in terms of morphology, such as branch of culms. Inconsistencies between DNA alignment and taxonomic classification were observed not only in genus Sasa but also in other genera of family Bambusaceae, such as Bambusa, Phyllostachys, and Pleioblastus (data not shown). Our findings suggest that growth conditions rather than genetic factors influence the morphology of the plants in family Bambusaceae. The addition of more DNA information of specimens collected from various areas may increase the resemblance of differences in DNA alignments to differences in species based on the taxonomic classification.
In this study, our phylogenetic tree, which was derived from the analysis of the sequence of Sasa plants as molecular marker in the intron between rbcL and ORF106 and partial ORF106 regions, showed little similarity to the taxonomic classification. Medicinally used species did not comprise a cluster, although most of them were positioned near each other. We found that the DNA alignment in this region gave useful information to estimate the botanical origin of the herbal medicine derived from the leaves of Sasa plants. The analysis of other gene regions including internal transcribed spacers (ITSs) of ribosomal DNA could lead to more reliable identification.
